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Description 

SYSTEM AND METHOD FOR IN-LINE 
STRESS MEASUREMENT BY CONTINUOUS 

BARKHAUSEN METHOD 

Cross Reference to Related Applications 

[0001] This application claims benefit of U. S. Provisional Appli- 
cation No. 60/320,023, filed on March 19, 2003. 
Background of Invention 

[0002] The invention relates generally to nondestructive methods 
for measuring stress in ferromagnetic material caused by 
deformed regions or pressure exerted on the surface of 
the material. More particularly, the invention is a system 
and method that relies on the Barkhausen effect to mea- 
sure properties in regions of ferromagnetic materials that 
are subjected to various types of stress. While most appli- 
cations of the Barkhausen effect rely on a time-varying 
magnetic field to excite the magnetic domains that gener- 
ate Barkhausen noise in a ferromagnetic material, the 



present invention relies on a moving, steady state mag- 
netic field generated by a permanent magnet or electro- 
magnet excited by a DC current to create Barkhausen 
magnetic transitions. 
[0003] Measurement and characterization of stress and material 
loss due to erosion, corrosion and gouging in pipelines 
are critical to early detection of impending failure in order 
to prevent a situation that is dangerous or destructive to 
personnel, wildlife or the environment. These concerns 
have created an increased need to detect and measure 
anomalous regions of pipe wall stress and strain. Pipelines 
are subjected to continuous stress from the pressure 
maintained within the pipeline required to move the 
pipeline contents through the pipeline. Some pipelines are 
also subject to ground settlement or movement that may 
put the pipe wall in a high-stress condition. Bends in a 
pipe also create stress that varies around the circumfer- 
ence of the pipe. Mechanically damaged areas, such as 
dents and gouges, have been shown to contain plastically 
deformed zones, and detection of these zones is a means 
for identifying mechanical damage. These mechanical de- 
fects create residual stress on the pipe inner surface. 
Once pipelines are installed, they are expected to provide 



safe and reliable operation over several decades. In addi- 
tion, inspection and detection of metal loss and stress in 
long pipelines is more difficult where the pipelines are 
buried underground or are positioned on an ocean floor. 
[0004] The most widely used method for in-line inspection and 
measurement of internal and external material loss in a 
pipeline wall is magnetic flux leakage (MFL) detection im- 
plemented in an inspection pig. Pumping an electronically 
instrumented MFL inspection pig through a pipeline from 
one compressor station to the next provides for in-line 
inspection of the pipeline. The MFL inspection pig may 
contain a circumferential array of MFL detectors embody- 
ing strong permanent or DC electromagnets to magnetize 
the pipe wall to near saturation flux density. As the in- 
spection pig moves through the pipeline, metal loss, such 
as corrosion pits, cause an increase in magnetic flux den- 
sity outside of the pipe material near the corrosion pits 
that may be detected by Hall effect sensors or induction 
coils. While the MFL inspection pig has proved effective in 
detecting surface defects, it lacks an effective means for 
determining stress in pipe walls. Several other technolo- 
gies have been developed to determine stress in steel 
parts such as pipe walls, including a magnetically induced 



velocity change (MIVC) method, a non-linear harmonics 
(NLH) method, x-ray diffraction, ultrasonic velocity mea- 
surements, and an a-c magnetic bridge. 

[0005] The MIVC method depends on the change in ultrasonic 
velocity through steel as the magnetic field in the steel is 
changed. This method is not practical for in-line mea- 
surements, because it requires that the sensor be station- 
ary on the surface of the steel part while the magnetic 
field is varying. An advantage of the MIVC method is that 
it can measure biaxial stress as an average value through 
the wall thickness as opposed to most other methods that 
respond only to the surface conditions. This method is 
capable of resolving the stress vector direction by making 
measurements in two orthogonal directions. 

[0006] The NLH method has been used with some success to de- 
tect mechanical damage in pipelines. Since permeability 
and other magnetic properties change with both elastic 
and plastic stress and strain, the output of a NLH sensor 
will also change with these properties. The NLH method 
works in an operating pipeline at typical pig speeds, has 
reasonable sensitivity, and the data is not difficult to ana- 
lyze. However, the method suffers from lift-off effects, 
requires a-c excitation, and requires complex instrumen- 



tation for operation. 
[0007] The other methods for determining stress in steel parts, 
including x-ray diffraction, ultrasonic velocity measure- 
ments, and an a-c magnetic bridge require relatively com- 
plex instrumentation. Of these methods, only the mag- 
netic bridge is suitable for in-line use, but its deployment 
for full pipe coverage requires many complex sensing cir- 
cuits. 

[0008] Current methods for detection of mechanical damage in 
pipelines rely on secondary effects such as the effect of 
the strained area on magnetic flux leakage or the infer- 
ence of plastic strain from deformation measurements. 
The Barkhausen method provides a more direct indication 

of plastically deformed regions of a pipe wall. 
Summary of Invention 

[0009] The present invention provides a system and method for 
in-line stress measurement that makes use of the perma- 
nent or DC electromagnets in an inspection pig to cause 
Barkhausen magnetic transitions for detection as the in- 
spection pig moves through a pipeline. While previous 
Barkhausen methods have used an a-c magnetic excita- 
tion field and inductive sensors that respond to 
Barkhausen transitions in ferromagnetic materials, this 



continuous Barkhausen (CB) method does not require an 
a-c magnetic excitation field, relying instead on field 
transitions generated in a pipeline wall by permanent 
magnets or DC electromagnets positioned in an inspec- 
tion pig as it moves through the pipeline. The present in- 
vention, using the continuous Barkhausen method, may 
be implemented on an inspection pig containing perma- 
nent or DC electromagnets to generate Barkhausen mag- 
netic transitions as the pig moves through a pipeline. In 
addition, all MFL inspection pigs in use today, whether us- 
ing permanent magnets or electromagnets, are creating 
Barkhausen noise as they move through the pipeline. 
When implemented on MFL inspection pigs, since they al- 
ready incorporate permanent magnets or DC electromag- 
netics, the only requirement of the present invention for 
using those Barkhausen noise signals is to provide suit- 
able sensors, filters and amplifiers for recording the sig- 
nals, and to develop procedures to interpret the recorded 
data. 

[0010] However, there are numerous differences between an in- 
spection pig that uses MFL techniques and an inspection 
pig that uses Barkhausen noise techniques. For example, 
MFL techniques are useful for detecting corrosion and 



erosion of pipeline materials, but are not well suited for 
measurement of stresses in pipeline walls, where 
Barkhausen techniques excel. Sensors for use with MFL 
techniques are positioned between the magnetic poles of 
the magnets that produce the magnetic field where the 
magnetic field is uniform, whereas sensors for use with 
Barkhausen noise techniques are positioned near the 
magnetic poles of the magnets that produce the magnetic 
field where there is a strong magnetic field gradient. The 
filters used with Barkhausen noise techniques also have a 
higher frequency bandwidth than those for use with MFL 
techniques. Since Barkhausen noise signal amplitude is 
typically much lower than magnetic flux leakage signal 
amplitude, the detectors and amplifiers used with 
Barkhausen techniques require greater sensitivity. 
1 ] In general, Barkhausen noise analysis is based on a con- 
cept of inductive measurement of a noise-like signal that 
is generated when a magnetic field is applied to a ferro- 
magnetic sample. A German scientist, Professor Heinrich 
Barkhausen, first explained the nature of this phe- 
nomenon in the year 1919. Today, it is well known that in 
ferromagnetic materials, the atomic moments are strongly 
aligned within small regions called magnetic domains. 



Within each domain, the material is magnetically satu- 
rated. However, the direction of the domain magnetization 
varies from one domain to the next, so that the magneti- 
zation of the specimen, as a whole, is ordinarily lower 
than the saturation value. Changes in bulk magnetization 
of the specimen take place by movements of the mobile 
boundaries (domain walls) between adjacent magnetic do- 
mains and by creation and annihilation of domains. In 
general, these domain processes do not take place 
smoothly, but rather in abrupt, discontinuous jumps. This 
is called the Barkhausen effect. Details of the Barkhausen 
effect are strongly influenced by various parameters of the 
specimen material, and in particular, the state of mechan- 
ical stress. This is the basis for using the Barkhausen ef- 
fect as a method for measuring stress in a ferromagnetic 
sample, such as a pipeline. 
[0012] a s an alternative to the standard method of applying a 
time-varying magnetic excitation field to a specimen to 
produce Barkhausen noise, the continuous Barkhausen 
method is based on the concept of changing the specimen 
magnetization in successive local regions by physically 
moving a magnet, which produces a steady state magnetic 
field, in the vicinity of the specimen. As the magnet physi- 



cally moves over each successive local region, that region 
experiences a time-varying magnetic field that re-aligns 
the magnetic domains and thus produces Barkhausen 
noise. A suitable magnetic field sensor that is placed in a 
fixed orientation to the magnet detects the Barkhausen 
noise. When implemented on an inspection pig, a moving 
steady state magnetic field produces Barkhausen noise as 
the inspection pig moves through the pipeline. By detect- 
ing, conditioning, recording and interpreting this noise in 
relation to a position of the inspection pig, stresses in the 
pipe wall may be determined. By configuring sensors and 
DC magnets in an instrumented pig, stress in a pipe wall 
due to land settling or shifting, pipe bends, and mechani- 
cal damage defects may be located and evaluated. 
[0013] An embodiment of the present invention is a method for 
in-line measurement by continuous Barkhausen noise de- 
tection, comprising the steps of creating one or more 
magnetic fields circumferentially positioned in a pipeline 
wall aligned and moving parallel with an axis of the 
pipeline, sensing Barkhausen noise signals at one or more 
surfaces of the pipeline wall in one or more transition 
zones created at an outside fringe of the one or more 
magnetic fields where there are strong magnetic field gra- 



clients, amplifying, filtering, detecting, multiplexing and 
storing the sensed Barkhausen noise created by the mov- 
ing magnetic fields, and analyzing and interpreting the 
stored Barkhausen noise signals in relation to corre- 
sponding positions of the inspection pig within the 
pipeline for determining stress magnitude and corre- 
sponding locations of stress in the pipeline wall. The step 
of creating one or more magnetic fields may comprise po- 
sitioning one or more magnets each having a north pole 
and a south pole on the circumference of a cylindrically- 
shaped inspection pig movably contained within a 
pipeline, aligning one or more magnetic fields produced 
by the one or more magnets for producing magnetic fields 
in a wall of the pipeline parallel to a longitudinal axis of 
the inspection pig and the pipeline, and moving the in- 
spection pig along the longitudinal axis of the pipeline. 
The step of sensing Barkhausen noise signals may com- 
prise locating one or more magnetic sensors at transition 
zones adjacent to the poles of the one or more magnets 
where there are strong magnetic field gradients in the 
pipeline wall for detecting Barkhausen noise in the 
pipeline wall. The step of amplifying, filtering, detecting, 
multiplexing and storing may comprise connecting the 



one or more magnetic noise sensors to instrumentation 
circuits in an instrumentation pack contained within the 
inspection pig, and sensing Barkhausen noise signals for 
determining stress in the pipeline wall and storing the 
noise signals in the instrumentation pack as the inspec- 
tion pig is caused to transit the pipeline along the longi- 
tudinal axis of the pipeline. The step of positioning one or 
more magnets may be selected from the group consisting 
of positioning one or more permanent magnets and posi- 
tioning one or more DC electromagnets magnets ener- 
gized by a battery pack. The method may further com- 
prise the step of generating Barkhausen magnetic transi- 
tions in the transition zones in the pipeline wall as the in- 
spection pig is caused to transit the pipeline. The step of 
positioning one or more magnets may further comprise 
positioning one or more magnets in close proximity to a 
wall of the pipeline. The step of locating one or more 
magnetic sensors may further comprise locating a multi- 
tude of small magnetic sensors for detecting small areas 
of pipe wall stress. The step of locating one or more mag- 
netic sensors may further comprise locating a small num- 
ber of large magnetic sensors providing improved signal- 
to-noise ratios for detecting large areas of pipe wall 



stress. The step of locating one or more magnetic sensors 
may further comprise locating one or more magnetic sen- 
sors over a radial angle of from 45 to 90 degrees of the 
circumference of the inspection pig for detecting only 
stresses due to bends in the pipeline wall. The method 
may further comprise the step of enhancing detection of 
pipeline stress by making trending measurements of 
stored Barkhausen noise signals over a period of time for 
providing higher detection sensitivity than single absolute 
measurements of Barkhausen noise signals. The step of 
connecting the one or more magnetic noise sensors may 
comprise connecting the one or more magnetic noise sen- 
sors to input terminals of one or more amplifiers in the 
instrumentation pack, connecting output terminals of the 
one or more amplifiers to input terminals of one or more 
filters in the instrumentation pack, connecting output ter- 
minals of the one or more filters to input terminals of one 
or more detector circuits in the instrumentation pack, 
connecting output terminals of the one or more detector 
circuits to input terminals of a multiplexer in the instru- 
mentation pack, and connecting an output terminal of the 
multiplexer to a data storage device in the instrumenta- 
tion pack for storing multiplexed Barkhausen noise data. 



The steps of positioning one or more magnets and align- 
ing one or more magnetic fields may be included in an 
existing MFL inspection pig. 
[0014] Another embodiment of the present invention is a system 
for in-line measurement by continuous Barkhausen noise 
detection, comprising means for creating one or more 
magnetic fields circumferentially positioned in a pipeline 
wall aligned and moving parallel with an axis of the 
pipeline, means for sensing Barkhausen noise signals at 
one or more surfaces of the pipeline wall in one or more 
transition zones created at an outside fringe of the one or 
more magnetic fields where there are strong magnetic 
field gradients, means for amplifying, filtering, detecting, 
multiplexing and storing the sensed Barkhausen noise 
created by the moving magnetic fields, and means for an- 
alyzing and interpreting the stored Barkhausen noise sig- 
nals in relation to corresponding positions of the inspec- 
tion pig within the pipeline for determining stress magni- 
tude and corresponding locations of stress in the pipeline 
wall. The means for creating one or more magnetic fields 
may comprise one or more magnets each having a north 
pole and a south pole positioned on the circumference of 
a cylindrically-shaped inspection pig movably contained 



within a pipeline, one or more magnetic fields produced 
by the one or more magnets for producing magnetic fields 
in a wall of the pipeline aligned parallel to a longitudinal 
axis of the inspection pig and the pipeline, and means for 
moving the inspection pig along the longitudinal axis of 
the pipeline. The means for sensing Barkhausen noise 
signals may comprise one or more magnetic sensors lo- 
cated at transition zones adjacent to the poles of the one 
or more magnets and outside the one or more magnetic 
fields where there are strong magnetic field gradients in 
the pipeline wall for detecting Barkhausen noise in the 
pipeline wall. The means for amplifying, filtering, detect- 
ing, multiplexing and storing may comprise one or more 
magnetic noise sensors connected to instrumentation cir- 
cuits in an instrumentation pack contained within the in- 
spection pig, and Barkhausen noise signals sensed for de- 
termining stress in the pipeline wall and stored in the in- 
strumentation pack as the inspection pig is caused to 
transit the pipeline along the longitudinal axis of the 
pipeline. The means for positioning one or more magnets 
may be selected from the group consisting of means for 
positioning one or more permanent magnets and means 
for positioning one or more DC electromagnets magnets 



energized by a battery pack. The system may further 
comprise the one or more magnets for generating 
Barkhausen magnetic transitions in the transition zones in 
the pipeline wall as the inspection pig is caused to transit 
the pipeline. The one or more magnets may be positioned 
in close proximity to a wall of the pipeline. The one or 
more magnetic sensors may further comprise a multitude 
of small magnetic sensors for detecting small areas of 
pipe wall stress. The one or more magnetic sensors may 
further comprise a small number of large magnetic sen- 
sors providing improved signal-to-noise ratios for detect- 
ing large areas of pipe wall stress. The one or more mag- 
netic sensors may further comprise one or more magnetic 
sensors located over a radial angle of from 45 to 90 de- 
grees of the circumference of the inspection pig for de- 
tecting only stresses due to bends in the pipeline wall. 
The system may further comprise enhanced detection by 
trending measurements of stored Barkhausen noise sig- 
nals over a period of time for providing higher detection 
sensitivity than single absolute measurements of 
Barkhausen noise signals. The one or more magnetic 
noise sensors connected to the instrumentation circuits 
may comprise the one or more magnetic noise sensors 



connected to input terminals of one or more amplifiers in 
the instrumentation pack, output terminals of the one or 
more amplifiers connected to input terminals of one or 
more filters in the instrumentation pack, output terminals 
of the one or more filters connected to input terminals of 
one or more detector circuits in the instrumentation pack, 
output terminals of the one or more detector circuits con- 
nected to input terminals of a multiplexer in the instru- 
mentation pack, and an output terminal of the multiplexer 
connected to a data storage device in the instrumentation 
pack for storing multiplexed Barkhausen noise data. The 
positioned one or more magnets and aligned one or more 
magnetic fields may be included in an existing MFL in- 
spection pig. 

[0015] yet another embodiment of the present invention is a sys- 
tem for in-line stress measurement by continuous 
Barkhausen noise detection, comprising an MFL inspection 
pig including means for creating one or more magnetic 
fields circumferentially positioned in a pipeline wall 
aligned and moving parallel with an axis of the pipeline as 
the MFL inspection pig transits the pipeline, means for 
sensing Barkhausen noise signals at one or more surfaces 
of the pipeline wall in one or more transition zones ere- 



ated at an outside fringe of the one or more magnetic 
fields where there are strong magnetic field gradients cre- 
ated by the MFL inspection pig, means for amplifying, fil- 
tering, detecting, multiplexing and storing the sensed 
Barkhausen noise created by the moving magnetic fields 
of the MFL inspection pig, and means for analyzing and 
interpreting the stored Barkhausen noise signals in rela- 
tion to corresponding positions of the MFL inspection pig 
within the pipeline for determining stress magnitude and 
corresponding locations of stress in the pipeline wall. The 
MFL inspection pig may comprise one or more magnets 
each having a north pole and a south pole positioned on 
the circumferential surface of the MFL inspection pig 
movably contained within a pipeline, one or more mag- 
netic fields produced by the one or more magnets for 
producing magnetic fields in a wall of the pipeline aligned 
parallel to a longitudinal axis of the MFL inspection pig 
and the pipeline, and means for moving the MFL inspec- 
tion pig along the longitudinal axis of the pipeline. The 
means for sensing Barkhausen noise signals may com- 
prise one or more magnetic sensors located at transition 
zones adjacent to the poles of the one or more magnets 
where there are strong magnetic field gradients in the 



pipeline wall for detecting Barkhausen noise in the 
pipeline wall, the means for amplifying, filtering, detect- 
ing, multiplexing and storing may comprise one or more 
magnetic noise sensors connected to instrumentation cir- 
cuits in an instrumentation pack contained within the MFL 
inspection pig, and the Barkhausen noise signals may be 
sensed for determining stress in the pipeline wall and may 
be stored in the instrumentation pack as the MFL inspec- 
tion pig is caused to transit the pipeline along the longi- 
tudinal axis of the pipeline. The system may further com- 
prise enhanced detection by trending measurements of 
stored Barkhausen noise signals over a period of time for 
providing higher detection sensitivity than single absolute 

measurements of Barkhausen noise signals. 
Brief Description of Drawings 

[0016] These and other features, aspects and advantages of the 
present invention will become better understood with re- 
gard to the following description, appended claims, and 
accompanying drawings wherein: 

[0017] Figure 1 shows an axial cross-section of an embodiment 
of the present invention that makes use of permanent 
magnets; 

[0018] Figure 2 shows an axial cross-section of an embodiment 



of the present invention that makes use of DC electro- 
magnets; 

[0019] Figure 3 shows a radial cross-section of an embodiment 
of the present invention; and 

[0020] Figure 4 shows a block diagram of an embodiment the in- 
strumentation circuits of the present invention. 
Detailed Description 

[0021] Turning now to Figure 1, Figure 1 shows an axial cross- 
section of an embodiment of the present invention 100 
that makes use of permanent magnets 132, 134. The em- 
bodiment comprises an inspection pig 100 movably posi- 
tioned within a pipe 110. The inspection pig structure 
consists of a front section 122 connected to a rear section 
120 by a center section 124, which houses a battery pack 
150 and instrumentation pack 155. A plurality of mag- 
netic field producing assemblies are radially positioned 
about the center section 124. Each magnetic field produc- 
ing assembly comprises a first magnet 132 having a first 
pole connected to a wall of a pipe 1 10 by a ferromagnetic 
brush 130. A second pole of the first magnet 132 is con- 
nected to an end of a ferromagnetic connector 136. A 
second magnet 134 has a first pole connected to an end 
of the ferromagnetic connector 136 opposite the con- 



nected second pole of the first magnet 132. A second pole 
of the second magnet 134 is connected to the wall of the 
pipe 110 by a ferromagnetic brush 130. The first magnet 
132 and the second magnet 134 are identical, but are po- 
sitioned such that the first pole of the first magnet 132 
connected to the brush 130 has an opposite polarity to 
the second pole of the second magnet 134 connected to 
the brush 130. This magnetic field producing assembly is 
held in a position by springs 138, such that the brushes 
130 remain in close proximity or contact with the pipe 
wall 110 to establish a magnetic field in the pipe wall 110 
in a region between brushes 130. The magnetic field pro- 
ducing assemblies shown in Figure 1, comprising the 
brushes 130, permanent magnets 132, 133, ferromag- 
netic connector 136 and springs 138 already exist in 
many MFL inspection pigs already in use. Thus, it would 
require only detectors and associated instrumentation to 
implement the present continuous Barkhausen method in 
these MFL inspection pigs. The magnetic state of the pipe 
wall in front of the magnetic field producing assemblies 
nearest the inspection pig front section 122 and behind 
the magnetic field producing assemblies nearest the in- 
spection pig rear section 120 are in a lower magnetic 



state than the region of the pipe wall 110 between the 
brushes 130. The greatest gradient or change in the mag- 
netic field intensity is in transition zones 112, 114 directly 
in front of each magnetic field producing assembly 112 
and directly in back of each magnetic field producing as- 
sembly 114. It is in these transition zones 112, 114 where 
a magnetic field is changing direction and magnitude the 
produces the greatest magnetic domain movement result- 
ing in peak Barkhausen noise levels. The Barkhausen noise 
is detected by an inductive or other type of magnetic field 
sensor 142 positioned by a spring 140 in a vicinity of the 
transition zones 112 or 114 in the pipe wall 110. Figure 1 
depicts the magnetic field sensor 142 positioned in the 
vicinity of the front transition zone 112. As the inspection 
pig moves through the pipeline, the transition zones 112, 
114 also move with the inspection pig to produce 
Barkhausen noise in an axial direction of the pipeline due 
to movement of the inspection pig. By detecting, condi- 
tioning, recording and interpreting this noise in relation to 
a position of the inspection pig in a pipeline wall, stresses 
in the pipe wall 110 may be determined. 
[0022] Turning now to Figure 2, Figure 2 shows an axial cross- 
section of an embodiment of the present invention 200 



that makes use of DC electromagnets 144. The configura- 
tion shown in Figure 2 is similar to that shown in Figure 1 
except that electromagnet 144 excited by a coil 146 con- 
nected to a battery pack 150 shown in Figure 2 replaces 
the permanent magnets 132, 134 and the ferromagnetic 
connector 136 shown in Figure 1. Poles of the electro- 
magnet 144 are magnetically coupled to the pipe wall 110 
by brushes 130 to produce transition zones 112, 114, as 
described in Figure 1. The electromagnet 144 is posi- 
tioned by springs 138 such that the brushes 130 remain 
in contact with the pipe wall 110. The magnetic field pro- 
ducing assemblies shown in Figure 2, comprising the 
brushes 130, electromagnet 144, coil 146 and springs 138 
already exist in many MFL inspection pig already in use. 
Thus, it would require only detectors 142 and associated 
instrumentation to implement the present continuous 
Barkhausen method in these MFL inspection pigs. As in 
Figure 1, the Barkhausen noise is detected by an inductive 
or other type of magnetic field sensor 142 positioned by a 
spring 140 in a vicinity of the transition zones 112 or 114 
in the pipe wall 110. Figure 2 depicts the magnetic field 
sensor 142 positioned in the vicinity of the rear transition 
zone 114. As the inspection pig moves through the 



pipeline, the transition zones 112, 114 also move with the 
inspection pig to produce Barkhausen noise in an axial di- 
rection of the pipeline due to movement of the inspection 
pig. By detecting, conditioning, recording and interpreting 
this noise in relation to a position of the inspection pig in 
a pipeline, stresses in the pipe wall 110 may be deter- 
mined. 

[0023] Turning now to Figure 3, Figure 3 shows a radial cross- 
section of an embodiment of the present invention 300. 
Although the cross-section view shown in Figure 3 corre- 
sponds to the permanent magnet embodiment of the 
present invention shown in Figure 1, it may also represent 
the embodiment shown in Figure 2, as well as other em- 
bodiments. Figure 3 shows a pipe wall 110 and a center 
section 124 of an inspection pig containing an instrumen- 
tation pack 155. A plurality of magnetic field producing 
assemblies comprising brushes 130, permanent magnets 
134, ferromagnetic connectors 136 and springs 138 are 
radially positioned between the inspection pig center sec- 
tion 124 and the pipe wall 110. The Barkhausen noise 
sensors and sensor positioning springs (142 and 140 in 
Figures 1 and 2) associated with each of the magnetic 
field producing assemblies are not shown in the vicinity of 



the front brushes 130 in Figure 3 for clarity. The size and 
number of Barkhausen sensors may be tailored to a par- 
ticular defect type that is being investigated. Many small 
sensors could be incorporated to detect small areas of 
surface stress, while fewer but larger sensors would pro- 
vide the benefit of improved signal-to-noise ratios on de- 
fects of larger size. Furthermore, if the method was fo- 
cused on detecting only stresses from bends in a pipe wall 
110, each sensor could be designed to detect Barkhausen 
noise over a radial angle of from 45 to 90 degrees of the 
circumference of the pipe wall 110. Another feature of the 
present method for detecting stress is that it can be en- 
hanced by making trending measurements over a period 
of time, providing detection of changes in Barkhausen 
noise signals that have higher detection sensitivity than 
absolute measurements. 
[0024] Turning now to Figure 4, Figure 4 shows a block diagram 
400 of an embodiment the instrumentation circuits of the 
present invention. A plurality of inductive or other type of 
magnetic field sensors 410 for reading Barkhausen noise 
signals are connected to inputs of amplifiers 412 for am- 
plifying the signals from the sensors 410. Outputs of the 
amplifiers 412 are connected to inputs of filters 414 for 



limiting the signal bandwidth of the Barkhausen noise sig- 
nals at the outputs of the filters 414. Inputs of detectors 
416 are connected to the outputs of the filters 414 to 
provide detected signals from the outputs of the detectors 
416 to inputs to a multiplexer 418. As the multiplexer 
418 reads the detected signals from the detectors 416, 
the multiplexed detected signals from the output of the 
multiplexer 418 are provided to a data storage device 
420, for storing the multiplexed Barkhausen noise data. 
The stored detected Barkhausen noise signals in the data 
storage device 420 are subsequently analyzed and inter- 
preted in relation to corresponding positions of the in- 
spection pig within the pipeline for determining stresses 
and corresponding stress locations in the pipeline walls. 
Instead of measuring the intensity or energy of the de- 
tected Barkhausen signals, other embodiments of signal 
analysis involve analyzing the height of individual 
Barkhausen pulses (Pulse Height Analysis) or counting in- 
dividual pulses to relate the Barkhausen signals to stress. 
[0025] Although the present invention has been described in de- 
tail with reference to certain preferred embodiments, it 
should be apparent that modifications and adaptations to 
those embodiments might occur to persons skilled in the 



art without departing from the spirit and scope of the 
present invention. 



